We are developing p-bulk microstrip sensors for the high luminosity upgrade of the LHC accelerator, HL-LHC. The stability of FZ (float zone) wafers available to Hamamatsu Photonics was examined by irradiating them at rates expected at the HL-LHC. They show degradation in the operational voltage at low dose but recover after the dose is accumulated. The instability is dependent on the bias voltage and dose rate, and also on the irradiation history. We have characterized the instability and attributed the cause to the charge concentration at the electrode edge. The strip isolation, which is degraded while in irradiation, is shown not to induce any practical problem for the operation.
Introduction 1
The Large-Hadron Collider (LHC) will undergo substantial 2 upgrade to enhance its physics capability over the next decades. other and the proton fluence is too small to induce bulk damage,
40
the I-V instability should be attributed to the surface damage.
41
We carried out a systematic study using 60 Co γ to characterize 42 the effects and to understand the cause of the instability. 
Samples and Measurements

44
The samples are ATLAS07 other except at the low fluence [10] .
56
The 60 Co γ irradiation tests were carried out at the where the biasing lines and a pair of DC pads at neighbor were 60 extracted out by wire-bonding. The AC strips were not fixed 61 to any potential in this measurement for ease of preparation.
62
The bias voltages to the individual sensors, eight sensors maxi-63 mum at a time, were provided using an iseg EHS8210n module 64 that allows to bias up to 1000 V with a current reading res- the interstrip resistance is high enough compared to this value.
69
As the strip isolation is degraded, the effective resistance be-70 comes smaller than this value. The effective resistance was 71 measured by applying ±5 V and reading the current with a
72
Keithley 6517A.
73
Three kinds of measurements were performed:
74
• stability -The detector current was read out periodically 75 at a 10 s interval typically while the sensor was irradiated 76 at a fixed dose rate and at a fixed bias voltage, Vb irrad.
77
If the detector current exceeds the limit of 20 µA, the bias 78 was lowered at a 10 V step.
79
• I-V -The detector I-V was measured periodically at a 80 20 min interval typically up to 1000 V or to the current 81 limit while the sensor was irradiated at a fixed dose rate.
82
The sensor bias other than in these measurements was set 83 to a fixed value, Vb irrad.
84
• isolation -The detector was irradiated at a fixed dose rate 85 and at a fixed bias Vb irrad. The isolation, the effective 86 resistance, was measured periodically at a step of 50 V 87 bias up to Vb irrad.
88
Figure 3: Layout of the sample sensor. The bias was applied through the two contacts made on the bias-ring and the edge-ring. 
Results
Dose rate dependence
103
The dose rate dependence of the MD onset voltages mea- 
Bias dependence
110
The previous data were taken at Vb irrad = 200 V, since at 111 higher biases we could not obtain meaningful data due to insta-112 bility. Therefore we carried out a systematic measurement of 113 sensor stability by measuring the current while keeping the bias 114 at a fixed bias and dose rate.
115
The results are summarized in Fig. 6 , the dose rate in hori- 
Stabilization
Examples of sensor stabilization with accumulating dose are 
Reason of instability
157
The breakdown sensors were examined with an infrared-158 sensitive camera[11] to investigate the location of MD points.
159
The back-thinned cooled CCD camera, HPK C4880, can sensi-
160
tively image the heat created in the process of avalanche multi-161 plication associated in micro-discharge. 
Isolation degradation
189
The strip isolation degradation during irradiation is reported 
Conclusions
204
We have evaluated the stability of Hamamatsu p-bulk sensors 
212
The initial instability can be attributed to the large amount 
